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The Center for Conservation Biology is an organization
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general systems approach to locate critical information needs
and to plot a deliberate course of action to reach what we believe
are essential information endpoints.

Abstract
U.S. Department of Defense installations in the mid-Atlantic region provide habitat for a
number of bird species that are of conservation concern. Management of these habitats for
the benefit of bird species is one objective among many within the greater military mission.
Approximately 65 % of the DoD land in this region supports upland forest including pine
plantations. These forests are managed for training activities, buffers between training areas
and public lands, and economical benefits of timber harvest. Pine plantations cover 9,330 ha
(23,045 acres) of DoD installations in the mid-Atlantic and account for nearly 10% of all forested
upland areas. Although specific silvicultural techniques vary with factors such as forest yield
(e.g., pulpwood, fiber, or saw-timber), planting trees at high densities and clear-cutting stands
on relatively short rotation schedules (20-25 yrs) is a common practice in the region. Pine
plantation management creates a specific age class distribution that differs in scale and
frequency from disturbances in natural landscape, truncates succession and prevents
development of some characteristics associated with old-growth forests, and prevents
development of understory and mid-story vegetation that is common in mid successional
forests.
The influence of stand age and management of pine plantations was investigated to
provide habitat recommendations to increase the capacity of DoD installation to support bird
populations. Stand age had a significant influence on species richness and total bird density.
Total bird density generally declined as stands aged and formed a closed canopy. Thinning of
pine plantations resulted in positive density responses for many species. Thinning reduces the
number of pine trees, opens the canopy, and allows regrowth of understory vegetation. As a
result, thinning extends the use of pine plantations of early successional species that depend on
shrubby habitat and promoted use of stands by forest species as well.
Implementing thinning as a management tool for pine plantations can increase the
capacity of DoD installations in the mid-Atlantic to support bird populations by 20 %. Thinning
allows a greater number of species use a greater length of time across the entire rotation cycle
(i.e., from planting until final harvest). Over 5 rotations, thinning pine plantations can support
1,900,000 more pairs of birds compared to management regimes that do not include thinning.
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Introduction
Maintaining threatened ecosystems and restoring declining population levels of high
concern species is the greatest conservation challenge faced by land managers within the MidAtlantic region. The natural landscape of this region has been dramatically altered for nearly
four centuries resulting in shifts in the availability and distribution of habitats from
anthropogenic uses. Due to their broad dissemination and regional abundance, governmentmanaged lands represent one of the most promising opportunities to preserve biological
communities in the face of urban development. However, government-managed lands are
represented by tens of thousands of individual habitat patches spread over multiple agencies
and hundreds of managers with a diversity of programmatic directives. Moving this patchwork
of lands forward to achieve a regional conservation goal will require orchestration of
management activities over a large scale.
The U.S. Department of Defense has extensive land holdings in the mid-Atlantic region
that provide habitat for a diverse suite of species that are of conservation concern within the
region. Approximately 65 % of the DoD land in this region supports upland forest including pine
plantations. These forests are managed for training activities, buffers between training areas
and public lands, and economical benefits of timber harvest. Pine plantations account for
nearly 10% of all forested upland areas. Silvicultural techniques associated with pine
plantations greatly affect landscape composition and intrinsic forest structure. Planting pines
for commercial harvest is a relatively recent method used to produce sustained yields of
timber. Although specific silvicultural techniques vary with factors such as forest yield (e.g.,
pulpwood, fiber, or saw-timber), planting trees at high densities and clear-cutting stands on
relatively short rotation schedules (20-25 yrs) is the common practice. This “grow them thick
and cut them quick” approach creates a specific age class distribution that differs in scale and
frequency from disturbances in natural landscapes. As a result, landscapes under intensive
management often contain more early to mid-successional stands in comparison to natural
areas. Additionally, managing timber plantations on short rotations truncates succession and
prevents development of some characteristics associated with old-growth forests. Finally,
planting trees at relatively high densities closes the canopy and prevents development of
understory and mid-story vegetation that is common in mid successional forests.
There are a number of bird species that are of conservation concern that use pine
plantations. Most of these species can only use plantations for a short time period across the
entire plantation growing cycle because the avian community organization is influenced by
changes in stand age and structure across the growing cycle. Early stages of pine regeneration
are used by species that depend on grassy or shrubby habitats. These species respond
negatively to canopy closure. Species that use the tree canopy can only occupy later stages of
pine plantations after trees have matured and often only if thinned. Therefore, the period of
time that pine plantations may be used by either early successional of forested species’ groups
can be influenced by silvicultural factors such as stocking levels, thinning, and age of final stand
harvest. Prolonging the overall amount of time that plantations provide positive responses for
bird species is a primary recommendation for management. This can be accomplished by using
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techniques that delay canopy closure, and shorten the time between closure and thinning or
final harvest.
The objective of this report is to provide recommendations for managing pine
plantations on DoD installations that provide quality habitat for bird species. This objective was
carried out by conducting a field study to build the relationship between management,
vegetation, and bird habitat use. These results were then used to estimate the capacity for
DoD installations to support bird populations under different management scenarios.
Pine Plantations
Regenerating pine stands undergo several stages of succession following planting.
Regeneration begins with a grass/seedling stage during the first two growing seasons.
Subsequently, for the next 3-7 years, stands are dominated by shrub-layer vegetation and
growing pine trees. Approximately 7-10 years after planting, young pine trees form a dense,
low canopy that reduces light penetration to the understory. As a result, ground-level shrubby
vegetation during this period is significantly reduced. Most plantations remain in this state
until thinned or reach age of final harvest. Thinning reduces the number of pine trees, open the
forest canopy, and allow growth of understory vegetation. The vertical stratification of thinned
stands is relatively simple with a dense shrub layer and overstory of pine trees. As stands
continue to mature, the growth of hardwood trees begin to add additional vegetation layers to
the midstory.
Methods
This study was conducted in managed loblolly pine (Pinus taeda) plantations in Virginia.
Plantations selected for study were distributed on one DoD installation, Fort A. P. Hill, the
James River National Wildlife Refuge, Sandy Point State Forest, and a number of private areas.
These areas were chosen because they supported pine plantations in the appropriate ages and
management conditions to meet the study design.
We selected stands to represent different stand ages and relation to silviculture: 1) 1-5
yr after planting, 2) 10-12 yr after planting, 3) 15-20 yr after planting, 4) 20-30 yr after planting
with closed canopy, 5) 20-30 yr after planting and thinned, 6) > 30 yr after planting with closed
canopy, 7) > 30 yr after planting and thinned. Stands within each category were also chosen to
minimize the variation in planted stocking levels.
Ten minute, stratified radius (50m, 100m, > 100m) point counts were used to measure
bird species richness and bird density. One to three point counts were placed in each stand
depending on patch size. Points were placed > 100m from the stand edge. All points were
surveyed 2 times between 29 May and 13 July, 2007. Surveys were initiated 0.5 hr after sunrise
and concluded within 4 hours. Species richness was calculated for each stand based on the
accumulated number of species detected over the three survey visits. Bird density was
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calculated for each survey point as a composite of the average across the two survey visits
within the 50m radius.
The vegetation was sampled within all point count plots to determine vegetation
changes across the growing cycle and vegetation responses to thinning. Three circular plots
(11.4m radius) were used for each point. Habitat data were collected at two levels within
transects. Counts of all large woody plants (>8cm dbh) by species was made over the entire
11.4m radius. Counts of all stems, shrubs, and saplings (>0.5 m in height and < 8cm dbh), and
percent groundcover were collected within a smaller 5m radius circle.

Table 1. Sample size of stands and survey points included in the study design. Stand ages
reflect major transitions in vegetation structure and management.
Age since planting
1-5 yrs
10-12 yrs
15-20 yrs
20-30 yrs, closed canopy
20-30 yrs, thinned
>30 yrs, closed canopy
>30 yrs, thinned

Number of Stands

Number of survey points

10
11
17
7
5
5
5

18
22
35
18
9
9
11

Habitat Assessment Methods
Landcover inventory of DoD installations was conducted by interpreting digital
orthophoto quarter quadrangles (DOQQs). DOQQs were the only widespread photo material to
conduct such a broad analsysis when this assessment was conducted. Source imagery was
color-infrared with a resolution of 5m. We used ArcView 3.2 (Environmental Systems Research
Institute, Inc © 1992-2000) software for all digital processing and interpretation. Digital
shapefiles of property boundaries for each installation were superimposed onto DOQQs and
habitats were delineated and mapped. Habitats were identified into categories that were
considered critical to the conservation of priority bird species in the mid-Atlantic region. These
habitats include pine savanna, barrier and bay island, salt marsh, forested wetland, mixed
upland forest, early successional, pine planation, and fresh/brackish marsh. Where possible,
additional habitat subtypes were included in the assessment. Pine plantations were identified
by the regular, row spacing of pine trees. Some young pine plantations could have been
mistaken for shrubby patches and included in an early successional category. All habitats were
mapped to the patch level. A patch is defined here as a contiguous area of relatively
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homogenous habitat. Patches were delineated from the surrounding landscape by hard
boundaries such as roads, rivers, or homogenous areas of other habitat.
Results
Vegetation Surveys - Stand age and management had a significant influence on most of the
vegetation characteristics measured (KW ANOVA, p < 0.05). The most distinguishable influence
was the difference in understory vegetation associated with age and thinning. The average
understory stem count more than doubled after thinning of stands > 20yrs old (Table 2).
Similarly, understory vegetation density was significantly and negatively correlated with the
number of pines and hardwoods, and canopy cover (Spearman rank correlation, r2 = -0.42, p <
0.05). The influence of stand age on other vegetation characteristics was predictable with
changes expected for tree growth or management. For instance, the numbers of average
number of pine trees after thinning was significantly lower than stands that were not thinned.
Taken together, thinning of pine stands resulted in more understory vegetation and less canopy
cover. Likewise, vegetation density significantly decreased moving from 1-5 yrs to 10-12yrs age
concurrent with canopy closure.

Table 2. Vegetation characteristics of pine plantations used for study.
Stand Age

Pines/ha

Hardwoods/ha

Snags/ha

1-5yr
10-12yr
15-20yr
20-30yr, closed
20-30yr, thinned
>30yr, closed
>30yr, thinned

551.0 ± 1041.86
2,620.7 ± 1,169.58
1,780.3 ± 1,346.46
1,435.3 ± 1,004.56
418.0 ± 157.45
748.1 ± 215.74
429.2 ± 117.48

25.5 ± 56.5
211.3 ± 269.55
826.2 ± 428.04
727.2 ± 554.25
573.8 ± 260.5
720.4 ± 320.6
974.7 ± 443.3

12.3 ± 37.95
62.2 ± 74.17
97.2 ± 90.08
131.1 ± 91.23
51 ± 35.2
83.8 ± 92.72
38.7 ± 14.24

Stand Age

Canopy Cover (%)

Understory Stems /ha

1-5yr
10-12yr
15-20yr
20-30yr, closed
20-30yr, thinned
>30yr, closed
>30yr, thinned

0±0
89.8 ± 4.03
95.4 ± 4.28
88.3 ± 2.31
83 ± 1.48
95 ± 1.94
88.4 ± 2.39

119,250.2 ± 64,433.3
41,334.1 ± 30,168.72
44,020.9 ± 37,098.85
25,108.4 ± 13,994.2
59,205.1 ± 26,229.43
32,908.8 ± 19,336.81
62,047.3 ± 32,830.31

Canopy Height
(m)
2.2 ± 1.51
9.7 ± 4.03
14.6 ± 4.28
14.7 ± 2.31
19.8 ± 1.48
15.6 ± 1.94
18.7 ± 2.39

Groundcover
(%)
61.9 ± 28.06
29.4 ± 31.03
7.2 ± 10.67
12.4 ± 16.17
22.7 ± 28.47
4.3 ± 6.39
15.3 ± 20.19
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Bird Surveys - A total of 4,135 observations of 66 species were made during the study. Forested
species, such as the Blue-gray Gnatchatcher, Red-eyed Vireo, Ovenbird, and Pine Warbler were
the most frequently detected and accounted for over 25 % of all detections. Early successional
species, such as the Eastern Towhee, Prairie Warbler, and Yellow-breasted Chat were also
frequently encountered.
Stand age had a significant effect on species richness (ANOVA, df = 6,51, F = 2.54, p <
0.05). However, post-hoc analysis showed no significant changes between pairwise stand ages.
In general, species richness was positively related to stand age and showed the most change for
thinned stands (Figure 1).
Stand age also had a significant effect on total bird density (ANOVA, df = 6, 114, F = 4.92,
p < 0.001). However, significant differences in bird density between stand ages were significant
for all thinned stands compared to non-thinned stands (HSD test, all p values < 0.05). All other
stand comparisons were not significant (HSD tests, p > 0.05). In general, bird density declined
as stands progressed in age from 1-5yr to 10-12 yr ages, then remained similar in value for
older categories except where positive changes in density occurred for stands that were
thinned (Figure 2).
The most commonly observed species within early successional stands 1-5yrs old were
species typically associated with grasslands and shrublands. The Killdeer, Northern Bobwhite,
Brown Thrasher, Common Yellowthroat and Field Sparrow were either relegated to stands 15yrs old or had their highest densities there (Table 3.). A host of other shrub-dependent had
high densities in these young stands, declined in mid-rotation aged stands, but showed positive
responses after stands were thinned. For instance, the Eastern Towhee, White-eyed Vireo,
American Goldfinch, and Indigo Bunting primarily use early successional habitats but also
benefitted from thinning (Figure 3).
Species associated with older stands are those typically found in second growth and
mature-forested habitats. There was little variation in the density patterns among all
categories > 10yrs for species such as the Blue-Gray Gnatcatcher, Carolina Wren, and Red-eyed
Vireo. Species such as the Acadian Flycatcher, Ovenbird, Pine Warbler, Hooded Warbler and
Black-and-white Warbler show increases in density for stands when they reached 15-20 yrs but
little variation after that age. A small group of forest species appeared to be more frequently
associated with older stands and also showed positive responses to thinning. The Downy
Woodpecker, Wood Thrush, Eastern Wood Pewee, Yellow-throated Vireo had their greatest
abundance in older, thinned stands. Overall, the density of Worm-eating Warblers were
relatively low and only found in thinned stands that were >30 yrs old.
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Figure 1. Trajectories for species richness across the pine plantation growing cycle when A) no
management occurs after the canopy closes in the 10th year, and B) stands are thinned to open
the canopy and allow regrowth of understory vegetation. Note that the first three columns of
data are redundant in each graph.

7

Figure 2. Trajectories for total bird density across the pine plantation growing cycle when A) no
management occurs after the canopy closes in the 10th year, and B) stands are thinned to open
the canopy and allow regrowth of understory vegetation. Note, the first three columns of data
are redundant in each graph.
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Table 3. Densities (birds/ha) of selected species across stand ages and management categories (i.e., closed canopy vs thinned canopy).

Stand Age and Management Category
1-5yr

10-12yr

15-20yr

20-30yr,
closed

20-30yr,
thinned

>30yr, closed

>30yr,thinned

Shrub and Early
Successional Species
Killdeer
Northern Bobwhite
Brown Thrasher
White-eyed Vireo
Prairie Warbler
Common Yellowthroat
Yellow-breasted Chat
Field Sparrow
American Goldfinch
Indigo Bunting
Eastern Towhee

0.1 ± 0.21
0.9 ± 0.66
0.1 ± 0.21
0.3 ± 0.59
1.2 ± 1.57
2.0 ± 1.47
2.1 ± 1.24
1.2 ± 0.96
0.6 ± 0.85
1.1 ± 1.02
1.4 ± 1.09

0.2 ± 0.29
0.4 ± 0.67
0.5 ± .71
0.2 ± 0.31
0.4 ± 0.51
0.3 ± 0.65
0.3 ± 0.61
0.9 ± 0.88

0.1 ± 0.18
0.1 ± 0.66
0.3 ± 0.65
0.1 ± 0.40
0.1 ± 0.32
0.3 ± 0.65

0.1 ± 0.35
0.1 ± 0.27
0.3 ± 0.45
0.2 ± 0.77
0.1 ± 0.30
0.1 ± 0.25
0.5 ± 0.91

0.1 ± 0.21
0.1 ± 0.21
0.5 ± 0.33
0.5 ± 0.70
0.4 ± 1.07
0.1 ± 0.21
0.8 ± 0.89
0.4 ± 0.64
1.9 ± 1.36

0.1 ± 0.21
0.4 ± 0.57
0.1 ± 0.21
0.1 ± 0.21
0.4 ± 1.01

0.1 ± 0.20
0.5 ± 0.31
0.6 ± 1.02
0.3 ± 0.27
0.7 ± 0.54
0.6 ± 0.80
1.4 ± 1.19

Forest Species
Downy Woodpecker
Wood Thrush
Blue-Gray Gnatchatcher
Carolina Wren
Great-crested Flycatcher
Acadian Flycatcher
Eastern Wood Pewee
Red-eyed Vireo
Yellow-throated Vireo

0.2 ± 0.45
0.1 ± 0.25
0.2 ± 0.43
-

0.1 ± 0.19
0.6 ± 0.85
0.3 ±0.51
0.1 ± 0.19
0.3 ± 0.62
0.6 ± 0.91
0.1 ± 0.34

0.6 ± 0.70
0.2 ± 0.53
0.9 ± 0.94
0.2 ± 0.35
0.1 ± 0.41
0.9 ± 1.15
1.3 ± 1.09
0.1 ± 0.32

0.2 ± 0.48
0.5 ± 1.35
0.8 ± 1.37
0.2 ± 0.37
0.4 ± 0.59
0.5 ± 1.11
0.4 ± 0.70
1.2 ± 0.86
0.2 ± 0.30

1.0 ± 0.97
0.1 ± 0.28
1.1 ± 0.70
0.1 ± 0.28
0.1 ± 0.21
0.8 ± 1.00
0.8 ± 0.62
2.0 ± 1.71
0.4 ± 0.21

0.4 ± 0.48
0.8 ± 1.19
1.0 ± 1.84
0.3 ± 0.65
0.4 ± 0.69
0.1 ± 0.28
1.6 ± 1.70
0.2 ± 0.32

0.8 ± 0.69
0.5 ± 1.04
1.5 ± 1.29
0.4 ± 0.62
1.4 ± 0.58
0.9 ± 0.65
1.0 ± 0.92
0.4 ± 1.21
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Stand Age and Management Category

Table 2 continued

Forest Species continued
Pine Warbler
Black-and-White Warbler
Hooded Warbler
Worm-eating Warbler
Ovenbird

1-5yr

10-12yr

15-20yr

20-30yr,
closed

20-30yr,
thinned

>30yr,
closed

>30yr,thinned

-

0.7 ± .076
0.1 ± .21
0.2 ± 0.18
0.6 ± 0.92

0.9 ± 0.70
0.2 ± 0.27
1.0 ± 0.86
0.9 ± 0.84

1.5 ± 0.93
0.4 ± 0.48
0.7 ± 1.23
1.5 ± 0.85

0.9 ± 1.46
0.4 ± 0.59
0.6 ± 0.72
0.6 ± 0.72

0.6 ± 0.64
0.4 ± 0.72
0.7 ± 0.93
1.0 ± 0.72

1.0 ± 0.96
0.6 ± 0.68
0.7 ± 1.17
0.1 ± 0.20
0.6 ± 0.82
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Management Analysis and Recommendations
A total of 404 individual patches totaling 9,330 ha (23,045 acres) were distributed across
22 installations in the mid-Atlantic region. Pine plantations at Fort A.P. Hill and Quantico
Marine Corps Base accounted for nearly 69 % of the total cover of this habitat type among all
installations examined.
Because of the positive increases in bird abundance associated with thinning, the DoD
capacity to support populations may be increased if thinning is made an integral component of

Table 4. Distribution of pine plantations across Department of Defense installations based on a
2002 habitat assessment (Watts and Bradshaw 2002).
Property

Camp Peary
Craney Island Fuel Depot
U.S. Naval Weapons Station - Earl
Edgewater Arsenal
Fort A.P. Hill
Fort Belvoir
Fort Dix
Fort Eustis
Fort Lee
Naval Engineering Station - Lakehurst
Langely Air Force Base
Marine Corps Base Quantico
McGuire Air Force Base
NAS Oceana - Dam Neck
National Aviation Facility
Naval Air Station, Oceana
Naval Amphibious Base, Little Creek
Naval Station Norfolk
Naval Station Norfolk - St. Julian Creek Annex
Naval Weapons Station Yorktown
Naval Weapons Station Yorktown, Cheatham Annex
NSWC, Dahlgren Division
Total

Number of
Patches
19
4
2
6
124
17
36
9
17
1
6
72
1
1
2
6
6
9
6
40
4
16
404

Total Area (ha)

658
56
21
17
4,050
205
183
87
509
6
33
2,385
5
3
3
48
67
47
12
704
21
211
9,330

11

plantation management. Population estimates for the number of pairs supported within pine
plantations across DoD installations in the mid-Atlantic region can be increased 20 % per
rotation (i.e., planting until harvest) if stands are thinned around 20yrs old. Habitat openings
created by thinning allows regrowth of vegetation required by shrub dependent birds and
allows greater stand use by many forest birds. Therefore, thinning extends habitat use for
many species allowing a greater number of birds to use pine plantations for a greater amount
of time. The benefits of thinning are also perpetuated through every plantation growing cycle
leading to a constant disparity in the total capacity to support birds over time. After 5
rotations, the benefits of thinning increases the capacity of DoD installation pine plantations
nearly 1,900,000 pairs of birds compared to not thinning (Figure 3).
The quality of pine plantations as habitats for birds is greatly enhanced when stands
are managed to minimize the amount of time stands are in a closed canopy condition.
Commercial thinning of pine plantations provides one mechanism to mechanically open the
tree canopy. Thinning can also be beneficial to increase forest products by allowing faster
growth rates of trees not felled. Some commercial thinning operations are designed to remove
pole-sized trees for pulpwood, while allowing remaining trees to grow faster to yield woodfiber or even saw-timber. Another method to maintain open habitat is to reduce stocking levels
of pine trees. Lowering the stocking level of plantations, allows for faster tree growth, however
the increase in spacing delays the time of canopy closure and extends habitat use by early
successional species.

Figure 3. Projected estimates for the number of bird pairs supported within DoD installations in
the mid-Atlantic region if plantations are thinned (dashed line) or not thinned (solid line) over 5
rotations (i.e., planting until harvest)

12

Prolonging the time before canopy closure and thinning of pine stands to open the
canopy have produces positive responses for early successional and forest birds. Both of these
management techniques allow for growth of understory vegetation including hardwood
saplings. The colonization of pine plantations by hardwoods is often in direct conflict the forest
product objectives of commerical pine silviculture. Hardwoods compete with pine trees for
light, water, and nutrients. However, hardwood control methods such as herbicides and
prescribed burning are often employed to promote open canopy pine management. Typically,
herbicides are used during the first two years after planting or immediately after thinning.
Herbicides and prescribed fire would be expected to retard understory plant growth for 1 or 2
seasons after application. Although herbicides and burning can reduce vegetation used by
many shrub dependent bird species during this time, the longer-term response of the early
successional bird community to this management has been shown to be positive (Sladek et al.
2008, Singleton et al. 2013).
Conclusions
1) U.S. Department of Defense installations in the mid-Atlantic region provide habitats for
a diverse suite of bird species that are declining and of conservation concern.
2) U.S. Department of Defense installations support approximatley 404 patches of pine
plantations that total 9,330 ha (23,045 acres)
3) Management of pine plantations with high stocking level of pines (>600 stems per acre)
and relatively short rotation cycles (usually 25-35 yrs between planting and final
harvest) creates a specific age class distribution that differs in scale and frequency from
disturbances in natural landscape, truncates succession and prevents development of
some characteristics associated with old-growth forests, and prevents development of
understory and mid-story vegetation that is common in mid successional forests.
4) Many bird species of conservation concern use pine plantations. Early successional bird
species typically use younger stands (<10yrs old) before canopy closure. Bird species in
older stands are those typically found in mid succession and older forest patches.
5) Bird abundance within pine plantations of the mid-Atlantic region declines as the tree
canopy closes. It can only be increased to levels expected by natural forests of similar
age by thinning the number of pine trees.
6) Thinning opens the tree canopy allowing light penetration to the forest floor that
promotes regrowth of understory vegetation.
7) Thinning extends habitat use of early successional bird species such as the Eastern
Towhee and White-eyed vireo and improves habitat for many forest species such as the
Wood Thrush, Acadian Flycatcher, Eastern Wood Pewee, and Yellow-throated Vireo.
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8) Management of all Department of Defense installation pine plantations with thinning
operations at 20yrs after planting can increase the capacity to support bird population
abundance by 20 %.
9) After a period of 5 rotations (i.e., planting until final harvest) under a management
regime that includes thinning, the capacity of Department of Defense pine plantations
will support 1,900,000 more pairs of birds compared to not thinning pine stands.
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